ABSTRACT INTRODUCTION: Metformin is the fi rst-line oral hypoglycemic agent in the treatment of type 2 diabetes mellitus with a number of positive effects. The aim of the study was to determine the effect of metformin on TSH levels in euthyroid and hypothyroid newly diagnosed diabetes mellitus type 2 patients. MATERIAL AND METHODS: The study included 255 newly diagnosed diabetes mellitus type 2 drug naive patients, 170 euthyroid patinets, group A, 85 hypothiroid patients, group B, and 80 euthyroid DM type 2 patients on metformin therapy for more than 5 years, group C. Patients in groups A and B began metformin treatment with a dose of 2000 mg/day. We assessed baseline TSH, FT3, FT4 levels and TPOab, in groups A , B and C, and 6 months after initiation of metformin therapy in groups A and B. RESULTS: There were no differences in FT3 and FT4 levels after 6 months of metformin treatment in all groups. TSH level in Group A showed some reduction after 6 months of metformin therapy, not statistically signifi cant. The only statistically signifi cant change in Group A is the change of TSH level after 6 months in TPOAb positive patients. There was statiscically signifi cant decrease in TSH level after 6 months in group B. There were no signifi cant differences of basal TSH, FT3 and FT4 levels in groups A and B compared to group C. CONCLUSION: The results show that metformin has TSH lowering effect in patients with type 2 DM and hypothyreoidism, but also in euthyroid TPOab positive, levothyroxine naive patients. We have shown that the TSH lowering effect of metformin is not dependent on long term metformin therapy (Tab. 2, Ref. 18). Text in PDF www.elis.sk.
Introduction
Diabetes and thyroid function disorders are the most common endocrine diseases. The existence of hypothyroidism in patients with diabetes is much more common than in people without diabetes and ranges from 10-30 % (1, 2) . Connection between these two endocrinopathies is not entirely clear. Metformin is the fi rst-line oral hypoglycemic agent in treatment of type 2 diabetes mellitus with a number of positive effects, with a good drug safety profi le. Metformin reduces the hepatic and peripheral insulin resistance, decreases hepatic glucose production, increases muscle glucose uptake, leading to low apetite and body weight reduction (3) . Besides these metabolic effects, metformin inducec modulation of AMPK activity inhibiting also the progression of different cancers, including thyroid cancer, and modulates iodine uptake through thyroidal sodium-iodide symporter (4) . However, there are data on the effect of metformin on thyroid stimulating hormone (TSH) level with subsequent reduction below the reference values, but without clinical signs of hyperthyroidism and changes of FT4 and FT3. In patients with hypothyroidism on stable dose of l-thyroxine therapy and in untreated subjects, as well as in patients with polycystic ovaries metformin reduces TSH level (5, 6) , while data of the effect of metformin in euthyroid patients are contradictory, reporting both reduction and increase of TSH level (7) . Some reports suggest that, to some extent, the metformin effect on TSH secretion could depend on the hormone circulating concentration (8) . The mechanism of these changes is not clear. The aim of the study was to determine the effect of metformin on TSH levels in euthyroid and hypothyroid newly diagnosed diabetes mellitus type 2 patients.
Material and methods
The study included 255 newly diagnosed diabetes mellitus type 2 drug naive patients, as well as 80 euthyroid diabetes mellitus type 2 patients being on metformin therapy for more than 5 years, Group C. All patients were treated at the Clinic of Endocrinology, Clinical center Niš, in 2014 and 2015. Patients with newly detected diabetes were divided into two groups. Group A included 170 patients with normal thyroid function based on basal TSH, FT4 and FT3, and Group B included 85 patients with a previous diagnosis of primary hypothyroidism in stable l thyroxine therapy for more than 6 months. Group A is divided into two subgroups according to baseline TSH levels before therapy with metformin, with TSH levels lower than 2 and with TSH levels between 2-4.6 mU/l, and in two subgroups according to TPOab positivity. Pa-tients in groups A and B began metformin treatment with a daily 2000 mg dose. In all patients, the blood was sampled to TSH, FT3, FT4 levels and TPOab, at baseline before starting the treatment of group A and B, and in group C, and 6 months after initiation of metformin therapy in groups A and B. All hormones levels were assessed at the Institute of Biochemistry, Clinical Center Nis on Beckman UNICELL DXI 600 -chemiluminiscent method. The reference ranges are for TSH 0.40-4.60 mU / l, for FT4 7-16 pmol / l, for FT3 1.4-3.5 pmol / l and TPOAb < 14. The results were expressed as mean ± standard errors mean (S.E.M.). The significance of differences between the groups was determined by the Least Signifi cant Difference (LSD) test. Statistically signifi cant differences were assumed at p less or equal to 0.05.
All subjects gave their informed consent to the study which was performed in accordance with good clinical practice and Declaration of Helsinki. Local ethical review committee was informed and there were no ethical concerns on the study.
Results
There were no differences in the FT3 and FT4 hormone levels after 6 months of metformin treatment compared to baseline values in all groups. The results are shown in Table 1 . TSH level in Group A showed reduction after 6 months of metformin therapy, with 2.17 ± 1.13 to 1.99 ± 1.42 m/l, which is not statistically signifi cant. Somewhat greater decrease in TSH levels after 6 months of metformin therapy, from 2.97 ± 0.89 to 2 : 46 ± 0.97 m/l was observed in patients with basal TSH values higher than 2 U/l, but did not reach statistical signifi cance. The only statistically significant change in Group A is the change of TSH level after 6 months of metformin therapy, from 2.32 ± 1.65 to 1.20 ± 1.76 m/l, p < 0.05 in TPOAb positive patients of this group (Tab. 2). In group B, there was statiscically signifi cant decrease in TSH level after 6 months of metformin therapy, as compared to baseline value, by 2.54 ± 0.97 to 1.29 ± 0.74 mU/l, p < 0.001, and in relation to TSH level in group A after 6 months of metformin treatment, 1.99 ± 1.42 mU/l, p < 0.05. There were no signifi cant differences of basal TSH, FT3 and FT4 levels in groups A and B compared to group C with metformin therapy longer than fi ve years, with an insignifi cantly lower TSH and FT4 values in group C.
Discussion
Metformin is now considered fi rst-line drug in the treatment of type 2 DM. The mechanisms of its action are different, but mainly refer to improve insulin sensitivity. Some authors presented data on the possible effect of metformin on TSH level and consequently on thyroid function. Taking into account the signifi cant association between diabetes and hypothyroidism, in our study we aimed to determine the potential effects, and therefore the clinical implications of metformin in patients with and without thyroid function disorder. The data on this issue are limited and not consistent (9) .
The results of our research show that six months of metformin therapy resulted in statistically signifi cant reduction in TSH level only in the group of patients with pre-existing hypothyroidism (group B), and that this reduction was greater than in group A. In group A the application of metformin leads to an insignificant reduction of TSH level, except in TPOab positive subjects, in which a statistically signifi cant reduction in TSH level emerged after six-month administration of metformin. The results imply that metformin has TSH lowering effect, but only in patients with preexisting thyroid dysfunction, which may include the existence of a chronic autoimmune thyroiditis (TPOab positivity).
Cappelli et al in their large retrospective study reported that metformin has a TSH lowering effect in patients with hypothyroidism and euthyroid persons with high-normal TSH, which is consistent with our results (7) . Results of our study showed no signifi cant difference in reducing TSH levels in euthyroid diabetic patients depending on its basal values, but with a certain difference. In fact, in the group A there is greater reduction of TSH levels in subgroup with higher TSH (2-4.6 mU/l), while in group B signifi cantly lower levels of TSH have been reached regardless of the basal TSH levels. Cappelli and colleagues do not show signifi cant effects of metformin in euthyroid persons with type 2 DM, and at the same time conclude that metformin has a neutral effect on TSH in euthyroid patients (10) . As opposed to our results, these authors do not emphasize the connection with positive TPOab or existing autoimmune thyroiditis, but primarily highlight the importance of high-normal TSH (> 2.5 ml/l) (7). Rajput et al in patients with subclinical hypothyroidism, but with not existing diabetes, have shown that metformin reduces TSH levels only in TPOab positive person (11) . Similar results are presented by Diezz JJ, where in type 2 DM patients and normal thyroid function there is no link between the TSH level and treatment with metformin (12). Fournier et al, also showed the effect of metformin on TSH only in a group of patients with treated hypothyroidism, while there is no effect on TSH levels in euthyroid persons (13) . Group C results analysis show that long term use of metformin, over fi ve years, does not lead to signifi cant reduction of TSH levels in euthyroid DM type 2 patients in comparison to the six-month therapy (group A), although obtained TSH value is slightly lower in group C. Fournier et al point out that in fact TSH lowering effect of metformin is highest in the fi rst 90 to 180 days of therapy (13) . Cappelli et al also showed more signifi cant decrease in TSH level in euthyroid persons after twelve months of metformin therapy (10) . According to duration of metformin therapy, most of the data complied that there is no signifi cant decrease of TSH levels in long term usage of metformin and that his TSH lowering effect is not tipe-dependent, both in euthyroid and hypothyroid DM type 2 patients (14, 15) . Various hypotheses have been proposed to explain the mechanisms by which metformin exerts its TSH lowering effect, but the exact mechanism remains unclear. Metformin may change the affi nity and number of thyroid hormone receptors (16) . One involves the action of metformin on 5-AMP-activated protein kinase (АMPK) (10) . In the liver, metformin activates AMPK and suppresses hepatic gluconeogenesis, bur has inhibitory effect on hypothalamic AMPK activity, which may counteract T3 effects at hypothalamic level (17). The potential interaction of metformin and levothyroxine in digestive tract seems unlikely, because TSH lowering effect was observed in patients who were not treated with levothyroxine (18). We could assume that considerable number of our patients with high normal TSH might in fact have a sublicinical hypothyreodism.
Conclusion
The results of our study show that metformin has TSH lowering effect in patients with type 2 DM and hypothyreoidsm, but also in euthyroid TPOab positive, levothyroxine naive patients. Basal TSH did not play an essential role to the degree of reduction. Also, we have shown that the TSH lowering effect of metformin is not dependent on long term metformin therapy.
